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[if *fc*R 1 1 

HfrfB7fe7 7>f^fc:^fc< k %y V7A£8sinU iMtUl. 2//mW, * 
Sv^i^jgmfi: 3 He frb 3 He ibje*fi^mByU 9 Afcffibje^&HbfeftaSifcfliv^ 2 

2>\<*\±&fe,mtiL 3 He ^<b 3 He fl&jfeJSIfiC^TWrfB ^ y A *■ BbiB-r * HbjS*aR * ffl 3 
[f»#*3] 

tfffEiifc? r>f A £4>fc< ti7'J7A»U I&jgftlik LT 1. 2 /i mtfOife, * 

ftv^ilfcjjglitt 3 He ^<b 3 He E&5eifcffi'N9triB7 V 7 A ^S&5B^:ilS4:fflV^ 2 

«7 7^/M:^< k 7A£«JnU B&jfeMik Ui. 2/<mW> * 
&v>li»jg>S{i 3 He tf^ 3 He BjB*tt^«r»!X V 7 A fcBfrfei- SB&feftiRfcJBv^ 3 
F 4 ^<b 3 He *£{i^<£>l^--ifat#k 3 H 4 ^<b 3 He 2(Ltt^O f«^4rfflv>4 £ k 
mit4 7 7^^V-fo 

IW#* 5 ] 

v>*^35*7 r >f ^T** i k «r#«k-*-sm:fc® 1 L 4 ©wf *lj&»K1B*W>7 r 
[ff*«6l 

^£#7 7 7 T >f MOV>i*tL*»T?*« t k ^ff ttSIf^ 5 KIBftO 7 7>fAI/-f 

37»*4v»li^5 7K»CU- TO Wf£ * & ^r±^7C^ £ i&ira L £ jfe 7 r 
*5pJflMKK k U friB?fc7 r << < i 7 V 7 A «lJD t, 2 . 3 ^ m^T'Kif^-r 

6 7 7 <iXV—tf K*5V>T. 

I&jgTEiik IT 0. 6 7 ^m^-SVMiO. 8//mM«:|v^h*(:, ^<ti 
MR 7 U 7 A Lfcfl!HBjfe7 7 >f 5^**9 7. <fc «9 fcttv»v^7 * 7 >tt*Dfc 

7 T "f /ft?* S £ k k -t & 7 7 "T /< V— *f 0 

£*IJ#JKK kU lria7c;7r -f^fc^ft < k t7'J 7A«iU 3 F 4 ^<b 3 H 5 i£fc 

^©v-TO#*fflv»s 77^ v— y Kiv>-Cs 

®jj&«k LTO. 6 7/zmf*^VMiO. 8 /« m#<D3fe*fflv»* k#fc, < k <fe 
IWB^U A Sr«S3JPLfetitf8B36 7 r-f^**^ S^7^ii3 *>tev>T;i^7 * 7 
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7 r >f * £ i: i: 1" * 7 r 4 V — *f„ 

[W*3I9] 

vwwtJ* 77^ 7«&v>1**t**-c* * £ -ram** 7 £ fctt 8 fcia* 

\mt& 1 0 ] 

&W±*i;2g§te 3 He ^<b 3 He Hfrjfei$Mfc^1«B7 U * A fcBbjS^SE&jBftiRfcJBi/^ 2 
[flft*« 1 1 ] 

37»*iv>tt^?y K»t:v- *f&®m$L Z^irZ ft±Mjtm * « L /eft 7 r /< 

mia*7T>f^lC^*< t7V 7A£gsijnU B3B*attL-Cl. 2,<m« * 
£v>figJic3M2: 3 He ^<b 3 H 5 BbjBJWt^lWBy V -7 A *Ebje-*-*Eb5fe3fc«*fflv», 3 

[if 12] 

* mnmn tug ^stm jtas & & v> r „ 

mia7fc7T^^ , ^/>^< t t7'J tfAfcffitnU lljfciatl. 2/<m» * 
&Wi^j£;3lf£ 3 He ^<b 3 He E&&igte^trfB7 'J 7 A fcB&jg-T Slil^ii^ffivs 2 " 

mi&i i3] 

t(rie^7 r 4 ^fc^fc <i47V7A U HbjBftS i:Ul. 2 ^ mfljO^ £> 

^v^i^jg^© 3 He rt><b 3 He jafe^ffi^SB^ U -7 A «rjafe-*-4©3B36WSrfflv^ 3 
F 4 tf^ 3 He ^Ol/-fift 3 H 4 rt^ 3 He ifi^W *f j»£*fl§v»* £ 

[if 14] 

* 7 >^P^^H1-^^7fe^P^^^-t-^777 7> : Sr7fc7 r ^ 7*0*7 h 779 7 £: LTffl 
v>S*E^77'f^Sii:*!ilti:t4il*Sl 0£v>Ll 3 Ov>-f *t*»KSB*W> 

1 5 ] 

Kria*53£*7 7>f^W 7 7ft*7 7^A, }» 775 7 7 T >f 7*, ^7^7^ 

7797 7 7^7*, 7 7'J 7@|777 7s 7 7^7*. * ^ 3 -f 7 7 T >f 7^ ^^7 7 

°ii*ai 6] 

3 7 * v> « 7 7 v m iz v - *rm®m&*%ir & %>±m%m * mn l 7 7 >r 
zmnmn t u mmyt? 7 j ^t^* < t *> 7 y 7 a u 2 . 3 ^ m^-et&^t- 

MIS 7 'J 7 A fcJRJnl, ^137^7 7^7^ 5^7797 «fc fcffi\,»v;Vf-7*7 5"HMDfc 
j£@ -f & £ 77 5 7 £ ft 7 7 'l' 7N'<*> * 7 h 775 7 t L "Cffl V* & 
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mim. 1 7 1 

£flJ#&K 1 U mffi7fc7 r >f /tn^a: <tty'J^A Srgsfil] U 3 F 4 *» h 3 H s JJSfit 
BM^mtLXO. 6 7 / *m : f£&&V%{iO. 8 ft mlf Oft&ffl V^S fc < fc *> 

ttria y v 7 ^ * mMzm^tft y r^m\ ttfr?***) *>i&v^;i^-7* J >«*dk- 

[fff$:fi 1 8 ] 

4>£ < 1 *>miB7 v y & LtzMBity r << tkjj Ytf^xyr -f ^> tr 

[W*3l 1 9 ] 

zwtmmmiiL 3 h 6 ^e> 3 h 5 mmm^mmy^y^nn-r^mnytm^m^ 2 

[W*«2 0] 

a 7 »* * v> t± ? ? y KS& 1/ - * * ^r±«7G* »UJfe7 7^f^ 

buIStc;^ t 'VZ&it < i: *> 7 V -7 A L, tVXl. 2 M m^^jfe, * 

^.vni^iifir 3 He ^<b 3 H 5 Slfe2£&^li&fB7 U 7 A 3 
F 4 ^<b 3 Hs J^^OW-ifa«f*fflV»*ifc*JRF«fck"r*jfe7T'f^iiW#o 
2 1 ] 

m^ty t «f < t i> y y y a imua u iBbjgjtii fcui. 2 // m^^Tfe. & 

&v>figJlemft 3 He ^<b 3 Hs ib^^mia^'; 7A4r®jjgi-^®^^^fflv> N 2 
. 3fimttbl. 8 ^ mff 0»afeft*tttftt* d t «r»fti t* *7 7 /<*llSo 

[urea 2 2 ] 

37W5vMi^7 * KI»KV-ifaW'(ia:S:^r"r**±»5B3R**int^*7r >f ^ 

miS7fc7r-f Afc4>fc< t &7V 7A«DL> BfejfeifcUl. 2 nvff <«> * 
*v>t±*HEmta: 3 He ^<b 3 Hs HbjBUMfc^tMB? 'J * A Bb]g#8B*fflv^ 3 

f 4 frb 3 Hs Kstt'v©^— yairfc 8 h 4 ^<b 3 Hs mit^(Du-^mm^m^^^t 

[Mt*« 2 3 ] 

#774 AiKgSfo 
[»*«2 4] 

ff|B*H^7r^^> 7yft|7 7^<, f;V7-f ^9^77^^, ^^^^ 
^7X7 7^^ 77'J>W9^7 7^^ ^Jl/ayt'f K#7^77^A yjU"<r> 
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**iJ*Mlt«fc U ItrlB^:^ r << s*\Z&% <£i>y V -7 A «ijpU 2.3,/ m^^Kif^-r 

mim 2 6 ] 

n t®5 * & v> a * 7 ? k«j k v - *rm&mL z^-tz ^±m%m * mm l tzit y r 

«ittT0. 67^mff4SVMiO. 8 ^ m^<0jfe*fflv»* < t 

77^f /<T?ifc& £ t £#$ci:1-& *7 T << '<3ttMH» 0 
[»*3(2 7] 

^vx^5^7 r -f ^\ 7 7 V yMffyXyrJ ^ ii fr^Yy-'! V-ft? *7 7 4 
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[&##©] 
[0 0 0 1] 

[0 0 0 2] 

H^uftvo^ffi^-r*) > sfcttficffi (Hi*, Ttfij^^^ntcffi^-r^,) sitsfto 

^S^r-etL-rtL^-to tztzL, x.*)l'3?-(DM.m$, RPft^tLfcl/cm (55* 
^•CfU, K (aW-f-) Iwffi^-tS) "CSSU Russell- 
Saunders O^lBfeK *> £cf < % tf>f$> *) . 7*7t^^ 

3 He mmt, ISW(:icttD^>a^^M(:J:i), fit® LTV* 
[0 0 0 3] 

yy^A (Tm) £3 7«](jnLrt:7T W /*Ki3V>-C ti, y y AW fr^BI 1 

• 3 F4 ^ 3 Hb M&iM^tz2 . 3fim^, 

• 3 F 4 — 3 He m&*M^fc0. 82^mff 

• 3 F 4 -* 3 H 4 it#£JBWc 1 . 4 8/<mi, 

v>£ 0 ft*, ±IBS^W (7)7 7^^1/-?, a&JftfflftfflU *v*tt*7 r W ^<Ji«#* 
l«Sb^t?^Eai"*fc*^H Tm *SJDt4 7T-f^kU, 7^»7 7^ 

/^ffiv^ibtLTV^o iOTm^jbn7^^7rW/ s f<^*'e> 2. 3 // m^{i#-S^V- 
^•C5&«d*» L < . tf-fflUB^tf>JSJB * "t * ±"C»ft Uo-CiTv»4, 
[0 0 0 4] 

(1) T miin 7 yftlfc 7 7^^, 0. 6 7// m^rfa^ ( 3 He $fi!^^7V 7A>f 

* > * 3 f 3 mmzmm) 1 #ko ut\ o . 8 2^ m^r, 1. 48 

^m^, 1. 9 A /m^S.y f 2. 3 5^m^>-« 

(2) Tm»7*;Mbt»7y WAK, 0. ( 3 He $tl^^7'J 7A^f t 
>* 3 F 4 SMfcfcS&jg) (^#M2, fc*v»ttfl«M:*tl#]!R) * SriSfflLT, 2. 
3 5 fim%r<DU-*f%M, 

(3) Tm«7ylbtr7 7W/^ 0. 8 (0. 7 9) n m^Sjjg WMfcfctt 1 #HSD 
CliLT, 0. 8 2^m^ 1. 4 8^mf, 1. 9/imflfR0'2. 3 

(4) Tmjj&flll7y<M&7y W 1. 5 5- 1. 7 5 /imflH, 3 Heigte^ab& 

7<j -^A^^-y* 3 h 4 mmmn (#»s:iR2#w) s^^t-c^ 1. 9^mpw 

(5) Tmii7yfti7 7^^}:, 1. 0 6 ? m»g (#^:£i§fc 2 #$D tlifC 
, 1 . 4 8/. mf<0WtW«7 r W '<*IH»s 

**^$*tT*«9> ±B«^«) (1) > (2) Jltf (3) fc-ktK 2. 3/<m«77'f^ 
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#H 2003-281212 ^ v> : 2/ 



[0 0 0 5] 

#gB¥3- 2 9 3 7 8 
HHMdtt2] #M¥6 - 2 8 3 7 9 8"t<&# 

J.Y. Allain et al., "Tunable CW lasing around 0.82, 1.48, 1 
.88 and 2.35//m in Thulium-doped f lorozirconate fiber" Electron. Lett., Vol. 
25, No. 24, pp. 1660-1662, 1989 
[fE&Wf'XWi 2 ] L. Esterowitz et al., "Pulsed laser emission at 2.3/zm in a 
Thulium-doped f lorozirconate fiber" , Electron. Lett., Vol.24, No. 17, p. 110 
4, 1988, 

I^#W^Ci^3l A. Taniguchi, et al., "1212-nm pumping of 2//m Tm-Ho-codope 
d silica fiber laser" , Appl. Phys. Lett., Vol.81, pp. 3723-3725, 2002 Wtt 

[0 0 0 6] 

L**L***e>, 0. 67//ml&Wi0. 8 n mflHRti&lix Stel&tefc LTTmi&Jn? v 
[0 0 0 7] 

Sfefc, T m ^IiD L"C 7 'Hhtl 7 r ^ICtfi 1 . 0 5 A£mJsJLToaiv^*AW"t* 

^.@2li, Tmii77ft|577'f^ (IMt2 0 0 0wt. p p nu 77^^* 
2 0 m. JtJB*fS|S2S 3 . 7%) Kl. 0 4 7 ^mfNd-YLFl/-fl 5 0 0mW£ 
Alti-Sfr (3Si»©fim) 5 6l$IBlfc (MKDlM) ©a*7^^b^^f 0 -<7) 

i^^ti-e-OA^i-S^ft^^gtofctttf^&^^^ir^^o ^<Dtz£>, 0. 6 7 
,£/ mJ&VMi 0 . 8^mBlije*Mv^Tm«6tn7y'fk!»7T'f^tcJ:a2. 3 ^ m^ffc^O 

[0 0 0 8] 

Sfc. 1. 2 ^mfie^v^cTm 3 + hHo *#i&bnLfc7 yflflfr? 7>f 
1. 9 AimfflrOV— y3&**«*#$*Lrv>S (^M3#I) o Lj&»U d*Ui, T 
m 3 + <D 3 H 4 ^<b 3 Hs m&^t>l'-*f&®*mmir2> ^(DX-iim<, ttz2. Zfim 

[0 0 0 9] 

1) 2. 3 //mf-Ci^tS^ft^^Tm^^t*^?^*^ h*IJMifcLt\ 1*1 
^rit-ei&^-r*7 7'f /tl/-f, g&fttt (ASE) #«U Rtf? r >f 

d ii m 5b -?> o 

[IS® a fc#o3M9:] 
[0010] 

±IB i ft * jtjft-*- -5 * *HW OJRp«l±iJJLTO 2 * * „ 
1) 2. 3 /£m^T?ttf^1-S^a6^l|5feTm*^ip-t^^9^*^ b LT, 

tBfBjf 2004-3085716 
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[0 0 11] 

. «9<&^5tr7^*fflv^O"C, 2. 3/<iiif«'ettftt4 7r'f^l/-^ 

A S EftSXtf? r >f ^(|#*fl|^Uc^i-* £ t^-C§ So 

2) Tm^in^rW^ncAtt-tSKjj^O^SiiL-Cl. 2 /* mflT (1. 2 M m^SJjg) *r 

[0 0 12] 
[0 0 13] 

-#$&iEo#mi) <?>um- 

Tm«jmL^7T'fA*02. 3^m^0^jfe{±, Ull^ti^: 3 F 4 £*<b 3 H 

F 4 $f£t:ilftt^Tm>f tf-^OSIMElSIHJfcJsK »*»fl|r**<) t"C, 3 F 

4 i£tet 3 H 5 l»f£Wt?R|g^«r^*i-&'J&S35***o 3 F 4 mt.fr h 

3 H 5 *fii:*»*t?«»t4Tm'f*>t*e>tit**SS-e*afc#^.&^o 03 
fc, #«2r?*<B#3^«ft^O#tt-*^-*-o £0^#&jfc}± 3 F 4 mZfrh- 3 H 5 

iif4^o^;i/^-7*y ^«3BiJwiBH-t-*o 3 F 4 m&k 3 H 5 MPfl 
4300 ( 1/cm) -C*«5. (^-fm^^9^) KJfc^ f^7>f h#7X 

ff-fSifc^H 3* 4fc> H3t=|B*L-CV>4v»^ M y*RU*y 

^f©I^STmiM7 7'f^ , ^SLt, 0. 6 0. 8 ,</ m^Sfcj&O 

2. 3 / *m^a&Jfctttf&*'** h>U***U B 4, 0 5. H 6 fcTp-fo 

[0 0 14] 

• T mtt 7 Hfci 7 7 ^* : T miJDilil 2 0 0 0 w t . p p in. JtJIWM 1 . 
6%. # ? h*7$i:ftl. 5^nu 77^tSl0m 

• Tmttr;i'7'fF77^^:Tnii«S2 0 0 0wt. ppnuJfcJB*f«2 
. 5%. *y h*7il|tl. 4yunu 77^^gl0m 

• Tm^jbP7j;wny^-W KJ5T9X7 r4>* : T m^nsiS 2 0 0 0 w t . p p nu it 
jgW^l. 0%. *7ht7»Sl. 5/im, 77<fAS5m 

• Tm^llD7'^>t**7^77'fA: Tm^MSl 5 0 0wt. p p m. Jt/Stfr 
^1. 1%> »?l>*7ittl. 3^m. 77^^'ftlOm 

• Tmm\V53t7 7<i'*: TmSDlK 1 5 0 0 w t . ppm, JtJg*T^M 1 . 8 % 
, * 1 . 2 ^ m. y 7 4 10m 

• Tm«tf^"7^^^9^-7T^^^ I Tm^initJ^l 0 0 Owt. p p m> JfcJStfr 
$i2. 5%. *yb*7jftftl. 4 3/zm> 77^^3m 

• TmIJ)D77'J>W7X77'fA': TmiMS2 5 0 0wt. p p m , Jfc® 
#rS£Ml. 1%. *7ft7$|l. 3 6/*iru 77^fAfi3. 5 m 

• Tm^lra'J yWiify^y r : TrnttSS 1 8 0 0 w t . p p m> JfcJB#r$s& 
1. 55%, *7b*7$Sl. 53//m> 77^ffi2. 9m 

t$»l.o 4*:, B&fejfcSliO. 6 7/<mW2 0 0mW> 0. 8//mW J l 5 0mWt* 

o 

[0 0 15] 

114, HI 5, m 6 KfFirZi fc, fcjfc"^ t 
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'f K#7^7 7'fA, lf^7^^^7^ 7 7 'f 7 'J >gl#7^ 7 7 'f A|:^V»t 

> 2. 3 ^m^^S^m^lHM^tL^o 5^7 7^^ tttf^Xt*) 

ttanstLfc^ofco i«oittcj;i9. s^^r^^mt^r, v;i^-7*y >Mn-j£E-r 

bti&Zt WW hfrktkvlzo -t%t>*>, Tin £«]-f&:*f 7 

>!r7^*fflv^ii:T\ 2. 3^m«S*^Ol/-1fJSffl3fi^»riB-C**ii:3&»We>^* 
[0 0 16] 

2) <Dnm- 

t&ibiz^ Tm^in 7. r-f v<?^tf> 1 . 2 ^ mTOjgK i & 2 . 3 m^<D Is—W&M (7 
7-f/^-f, a*fe(ftHi3fc»U RlWUHfl) KHURiHt4.*iiBCi4 2. 3^ 
m«V-ifJBffltt, 1. 2 // mWOlftjgm: 0. 3 He *SlWfcfc**yy **>f * ^ 
i-f 3 Hs ^tfcfclftteU ico^O^f? 3 H 4 *tt»cv»ofc^|ft«Jtjiam: 
L, £<bK 3 H4^i^«b 3 F2 $ffiKlS&jBU ftf&K 3 F 2 *ttK*4y'J fA'f 

*4KMittiS£j: o 3 f 4 mmzmm-tzztizx*), 3 f 4 3 h 5 JssttiwuRie 

IWftiLtl. 2^m^ (1. £fflv*T2. 3^mg(^)l/-feffl 

[0 0 17] 

BB7K1. 2 ^m^iieTm 3 + IJn7 7^7 7^^Wm 3 + ^Jn-r;v^^ F7 
r ^Ogg&ifctlJ}fcX^ >>u*S"*-o 3 F 4 mi±-* 3 Hs mt£H3BH"t-a 2 . 3 

S) (DgmtSLBytx^? h SitWD, 1. 2/ I ml©ll*ii:<toTT 

m«]7 vikty7T4>^ TvdWmT-^ty ^ YlfyT, 7 r^^iZX «5 2. 3//mStS* 

2>&o Tma5^7 7^ < ttli2. 3 ^ mW^Sfc* 1**1311 3 tift^o 

[0 0 18] 

S<bK, EI8 1C. 1. 2//niiij|Tm 3 + am>»7X77'f^ Tm 3 
+ ilm*^37 , t'f K#7^7 7^^\ Tm 3 + mn^X^X&ff?* y T<i*> RtFT 

m 3 + Ii7 7'J >MtfyA7 7 J s*<D&mmfcyt<&WLk&t>*tTm-fo 1 

. 2/<m®ieTm 3 + ^D7yftt7 7'f^y f Tm 3 + iJflr;V7^f )»7 7>f 

2. 3 ^ m^StjtoW ft* i t t5 s 1 . 2 fi rtffim&."?*>Whfrt fcofco "T* 
ZOZtiZZ *K 1. 2 ,«mTO)j£K£ *K 2. 3 ^ mf-CO V— 9 , J&/Bj&*'i»rt&T? 

[0 0 19] 

1. 2^m^Ml|B^fflV^cTm 3 + »JD7 yftW? T -f ><KH L*C«±,. -tttiflc 
Tm 3 + Hnz7A (Ho) OMf^^lilD Lfc Tm- H o i$$S*J|]7 
7^A(:J;^ 1. 9 ^mi^)l/-fW«g (^#^^3 $ tLTV>^> 0 L^L 

„ Tm 3 + o 3 h 4 ^"b 3 h 5 moL^<Di'-*fm®zm%-r z 

[0 0 2 0] 

2> 0 Tmffil)\\7 vfoyo? 7 4 0 0 0 w t. ppnu 77^Aft2 

On, JfcJB*T*£3. 7%) Kl. 2l /1 mS«#LDjfe, ~5 0 0mWU*ft4|ll 

tB|iE# 2004-3085716 
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(HiftottiBi) 10 ob#H& ($U8£oeM) omikxur V;v=Sr^-To 

. 3 ,im ! »fl'— TOJfl^lfrr^atfca**** (5eTBWB**XI«-«1tfc 1. 2 1^ 
m»lbiB#Xttlfc*>*'<* f^i^otv^^ CiftttM^MfcjfeH't 

[0 0 2 1] 

ify^y 7 4 Tm 3+ ito*iV3ytO , ^7^7T'f^ Tm 3 + ^tPtf^^^5 

j!f777T^mo f Tm 3 + jKin^yy ^7777^^* C£3&w<a#f& 1 cotton 

©#7 7'f^ttfflU i8U£L£) <Z>1. 0 4 7 ^mSiiEJ:l. 2 1/imfl^t 
ft 6 0 0 nmKj3»t&S^'fh&^-fo 7-;ft»7r^^*'77C7 
r^WUi 1. Z/imflMft^liCtat^sawl. 
[0 0 2 2] 





1. 047pm?i?EfrjSi(500mW, 56 

mm) &<DmitLm wmi* 

ii(^#600nm) (dB/m) 


1. 2ym^{Sb^ (500mW, 100 

mm) ®.<DmL%*) 

±S(^S600nm) (dB/m) 




0. 81 


<0. 01 




0. 92 


<0.01 




0. 77 


<0. 01 


if 3kjJ=7 X 7 r 4 * 


0.71 


<0. 01 


■7 y V Is^Xy ^77-1"^ 


0. 85 


<0. 01 



mmm] 

[0 0 2 3] 

JilT^ BHS*#J»L-C*f&M*J: JSLTtwH^-rs^KO*. 
[0 0 2 4] 

*»»10ftl6«tli2. 3 ^ mlffS. ^ 1. 8^mf©7 7'f^l'-f^*|Si 

©j&jb hi i o i onwjo*tj&£^i- 0 --t, 1 i±$iw&k 

^STm 3+ »7^^ 2141. 2 ^mMjjtgMi Ulliftl . 
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